Cytokines are the molecular messengers of the vertebrate immune system, coordinating the local and systemic immune responses to infective organisms. We report here functional and structural data on cytokinelike proteins from a eukaryotic pathogen. Two homologues of the human cytokine macrophage migration inhibitory factor (MIF) have been isolated from the parasitic nematode Brugia malayi. Both molecules (Bm-MIF-1 and Bm-MIF-2) show parallel functions to human MIF. They are chemotactic for human monocytes and activate them to produce IL-8, TNF-␣, and endogenous MIF. The human and nematode MIF homologues share a tautomerase enzyme activity, which is in each case abolished by the mutation of the N-terminal proline residue. The crystal structure of Bm-MIF-2 at 1.8-Å resolution has been determined, revealing a trimeric assembly with an inner pore created by ␤-stranded sheets from each subunit. Both biological activity and crystal structure reveal remarkable conservation between a human cytokine and its parasite counterpart despite the considerable phylogenetic divide among these organisms. The strength of the similarity implies that MIF-mediated pathways play an important role in nematode immune evasion strategies.
By co-evolving with the immune system, pathogens from viruses to parasites have developed remarkable strategies to circumvent host defenses. Despite the constraints of small genome size, many viruses express multiple gene products that disrupt the normal immunological pathways of recognition and activation (1, 2) . For example, effective immunity depends on host cytokines, the secreted proteins that regulate innate and adaptive responses, and viruses produce a spectrum of cytokine-like proteins and cytokine receptor mimics to interfere with normal immune function. Compared with viruses and bacteria, eukaryotic pathogens have much larger genomes, encoding in the case of multicellular helminths of up to 20,000 proteins (3) . Moreover, metazoan parasites and their vertebrate hosts share ancestral gene families that have given rise to the modern cytokine genes. Therefore, such parasites have the potential to express a very broad range of immune evasion products including true homologues of mammalian cytokines, but as yet, few examples have been discovered (4, 5) .
We have used genomic approaches to identify and characterize homologues of the human cytokine macrophage migration inhibitory factor (MIF) 1 from the parasitic nematode Brugia malayi. This parasite is a causative agent of lymphatic filariasis, one of the most important human tropical diseases with an estimated 120 million people infected and an additional 900 million at risk of infection (6) . We now report the gene cloning, enzymatic and cellular assay, and crystal structure of a B. malayi MIF homologue, demonstrating a functional and threedimensional structural conservation of a key cytokine between a eukaryotic pathogen and its human host.
EXPERIMENTAL PROCEDURES
Gene Cloning and Protein Expression-Two B. malayi expressed sequence tag (EST) clones (GenBank TM accession numbers AA661223 and AA2575777) in the Filarial Genome Project data base (helios.bto.ed.ac.uk/mbx/fgn/filgen.html) were found with similarity to human MIF but with a sequence distinct from a previously described homologue in B. malayi now referred to as Bm-MIF-1 (4) . These EST clones were sequenced and contained the same single open reading frame designated Bm-MIF-2. The full-length Bm-MIF-2 sequence has been submitted into GenBank under the accession number AY004865. Full-length Bm-MIF-1 (U88035) and Bm-MIF-2 were subcloned by PCR into pET29 (Novagen, Madison, WI) for expression. Two mutant proteins, Bm-MIF-1G (Pro-2 to Gly) and Bm-MIF-2G (Pro-2 to Gly), were generated by PCR and subcloned into the same vector. All of the proteins with a C-terminal tag of six histidine residues were overexpressed in Escherichia coli strain BL21 (DE3) (Novagen) by induction with isopropyl ␤-D-thiogalactopyranoside. Proteins were purified to homogeneity on * This work was supported by grants from the European Commission program for International Co-operation with Developing Countries (INCO-DC, contract IC18.CT970245) and the Wellcome Trust. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
The 1 The abbreviations used are: MIF, macrophage migration inhibitory factor; EST, expressed sequence tag; RT, reverse transcription; Bm-MIF, B. malayi macrophage migration inhibitory factor; Mf, microfilarial; IL, interleukin; TNF-␣, tumor necrosis factor ␣; RANTES, regulated on activation normal T cell expressed and secreted; JAB1, Jun activation domain-binding protein 1.
HisBind nickel affinity columns (Novagen) from cell lysates. For biological assays, endotoxin was removed from recombinant protein solutions (7) and was determined to be lipopolysaccharide-free by a limulus amebocytelysate gel-clot assay (E-Toxate, Sigma). N-terminal sequencing was performed by Welmet Protein Characterization Facility (University of Edinburgh, Edinburgh, United Kingdom). The purification of human MIF was described previously (8) .
Reverse Transcription (RT)-PCR-RNA was extracted using STAT-60 (Biogenesis) from B. malayi L3, microfilarial (Mf), and adult worms. Two micrograms of total RNA were used in cDNA synthesis with an oligo(dT) primer and a GeneAmp RNA PCR kit (PerkinElmer Life Sciences). Five percent of each cDNA pool was used as a template for PCR with Bm-MIF-2 specific primers matching nucleotides 57-78 (5Ј-CAATGTTCAGTTTACGGAATTA-3Ј) and nucleotides 288 -70 (5Ј-GATACAATGCGCTGGATCG-3Ј) to amplify a 232-bp fragment of Bm-MIF-2 cDNA. Thirty cycles of amplification were performed under the following conditions: 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min. PCR products of 232 bp were confirmed by sequencing. Control amplification with primers specific for the Bm-tph-1 (9) gene under the same conditions indicated that similar amounts of cDNA were present in all samples. Human monocytes purified by monocyte isolation kit (MACS) at 0.5 ϫ 10 6 /ml were incubated with each protein (Bm-MIF-1, Bm-MIF-1G, Bm-MIF-2 and Bm-MIF-2G) or medium alone for 16 h in serum-free macrophage (SFM) medium (Invitrogen). RNA preparation and reverse transcription were performed as described above. Five percent of each cDNA pool was used as a template in PCR reaction with human cytokine specific primers for IL-1␤, IL-6, IL-8, IL-10, IL-12 (p40), interferon-␥, macrophage inhibitory cytokine, MIF, macrophage inflammatory protein-1, tumor necrosis factor-␣ (TNF-␣), transforming growth factor-␤1, and primers for ␤-actin. PCR was performed as described above.
Western Blotting and Enzyme-linked Immunosorbent Assay-Protein extracts of parasites and excretory-secretory products from adults were made as described previously (10 Assays of Chemotactic Activity and Calcium Mobilization-The chemotaxis assays were performed in a 48-well microchemotaxis chamber (Neuroprobe, Cabin John, MA) (11) . Each protein (Bm-MIF-1, Bm-MIF-1G, Bm-MIF-2, and Bm-MIF-2G) or medium alone was added to the lower compartment of chemotaxis chambers, and human monocytes were added to the upper compartment, which was separated from the lower compartment by a polycarbonate filters (5-m pore size, Osmonics, Livermore, CA). After incubation at 37°C for 90 min, the filter was stained with DiffQuik, and the cells migrated across the filter were counted in high power fields. Intracellular calcium mobilization was measured in human monocytes loaded with 5 mM Fura-2/AM (Molecular Probes, Eugene, OR) for 30 min at room temperature. The dyeloaded cells were washed and resuspended in saline buffer (138 mM NaCl, 6 mM KCl, 1 mM CaCl 2 , 10 mM HEPES, 5 mM glucose, 0.1% bovine serum albumin, pH 7.4) or Hanks' balanced salt solution at a density of 1 ϫ 10 6 /ml. The cells were then transferred into quartz cuvettes in a luminescence spectrometer (LS-50B, PerkinElmer Life Sciences). Stimulants at different concentrations were added in a volume of 20 l to each cuvette. The ratio of fluorescence at 340 and 380 nm was recorded over 100 s using a FL WinLab program (PerkinElmer Life Sciences).
Crystallization and Data Collection-Purified Bm-MIF-2 was concentrated to 15 mg/ml in a buffer containing 150 mM NaCl, 20 mM Tris-HCl, pH 7.5, for crystallization in a hanging drop by vapor diffusion. Crystals of Bm-MIF-2 appeared by mixing protein solution with crystallization buffer containing 1.83 M ammonium sulfate, 0.1 M HEPES buffer, pH 7.5. Heavy atom derivatives were prepared by soaking the crystals in the heavy metal reagents (HgCl 2 or KAu(CN) 2 ) at concentrations of 10 -30 mM for 1-3 days. Initial data were collected on a Mar image plate using a Nonius FR571 rotating anode and Cu K a radiation. Data of 243,849 were collected to a resolution of 2.0 Å with a R merge of 5.9%. Datasets of silver and gold heavy metal derivatives were also collected (both to resolution 2.5 Å, R merge 8.7 and 10.1%, respectively).
Structure Determination-Data were processed using Denzo (12).
Three datasets were used with the programs Solve (13) and DM (14) to produce a clear envelope of electron density in the spacegroup P31 showing the structure of the trimer. Similar calculations in P3 gave no such clear picture of the electron density. The crystal used for the initial data collection was then used to collect a synchrotron dataset at Daresbury station 9.6 ( ϭ 0.87 Å) using an ADSC quantum 4 detector to a resolution of 1.8 Å. A total of 398,154 reflections were collected, yielding a dataset with 33,897 unique observations (dataset 98.1% complete with R merge of 4.8%). This dataset was used to perform molecular replacement using the Protein Data Bank code entry 1MIF as a search model. Side chains were then modified to fit the sequence of Bm-MIF-2 and to fit the observed electron density 2 WITNOTP Novartis A.G., Basel, Switzerland). G. M. Refinement of the structure was carried out using the program SHELX-97 (G. M. Sheldrick, University of Goettingen, Goettingen, Germany, available at shelx.uni-ac.gwdg.de/SHELX/) with water molecules being added as they appeared in subsequent difference electron density maps. The final structure consists of three chains going from Pro-2 to Met-118 and 241 water molecules. The structure has an R factor of 23.27% and an R free of 30.33%.
RESULTS

Identification and Cloning of Bm-mif-2
Gene-To date, the Filarial Genome Project has submitted over 20,000 B. malayi ESTs representing more than 8,000 different genes (15) . Using protein sequences of human cytokines and their receptors to search this data base, we identified two homologues of the human cytokine MIF from B. malayi, one of which was recently reported as Bm-mif (4). The second homologue was novel and represented in two ESTs. We designated this new homologue as Bm-mif-2 and the previously described one as Bm-mif-1. From archived EST clones, we isolated full-length Bm-mif-2 cDNA and determined that it encodes a 120-amino acid polypeptide with a predicted molecular mass of 13.1 kDa (Fig.  1A) . The protein sequence of Bm-MIF-2 shares a 27% identity with human MIF and a 26% identity with Bm-MIF-1.
We compared a total of 19 MIF genes for which full open reading frame sequences are currently available in accessible databases and found that six residues are invariant within all 19 members. These six residues are conserved in Bm-MIF-1 and Bm-MIF-2 (Fig. 1A) . Interestingly, by searching EST databases, we have also found that MIF homologues are expressed in a range of nematode parasites (data not shown), and further examples have recently been described in both parasitic (16) and free-living species (17) .
Expression Pattern of Bm-MIF-2-To investigate the expression of Bm-mif-2, we first performed RT-PCR and found Bmmif-2 mRNA in all stages of the parasite life cycle. Notably, the relative levels of transcription in lymphatic-dwelling adult worms were higher than in mosquito-born infective larvae (L3) or bloodstream Mf stages (Fig. 1B) . Western blot analyses with a polyclonal antibody specific for Bm-MIF-2 then demonstrated the presence of the 13.1-kDa Bm-MIF-2 protein in all stages of the life cycle (Fig. 1C) . Molecular Dynamics ImageQuant analysis revealed that levels in the long-lived adult parasites were at least 3-fold higher than in Mf stage and 10-fold higher than in the L3 stage, suggesting that Bm-MIF-2 is most highly expressed in the adult parasites, which can survive for long periods (Ն10 years).
In addition to anatomical and physical defenses such as size, motility, and the presence of a cuticle, the tissue-dwelling parasitic nematode Brugia produces and releases as excretorysecretory products a number of molecules that have been implicated in immune interference and evasion (4, 5, 18 -22) . Therefore, we determined whether Bm-MIF-2 is secreted from parasites. Western blot analysis of the supernatant from parasites incubated in serum-free medium for up to 42 h revealed that like mammalian MIF (23) and Bm-MIF-1 (4), Bm-MIF-2 is a secreted molecule, the amount of secreted Bm-MIF-2 increasing with incubation time (Fig. 1D) . We have also determined that human patients infected with B. malayi have a high frequency of serum antibodies to Brugia MIF proteins, indicating that they are produced in vivo. 3 Most interestingly, the levels of antibodies are highest in uninfected residents of endemic areas, suggesting that immune recognition of Brugia MIF-1 and -2 may be linked to protection against infection.
Tautomerase Activity of Brugia MIFs-The initiating Met of mammalian MIF is known to be removed, revealing an N-terminal proline (Pro-2) (23). We determined by N-terminal sequencing that the initiating Met of recombinant Brugia MIF is similarly removed. MIF is unique among cytokines in that it enzymatically converts small aromatic substrates such as dopachrome and phenylpyruvate from keto to enol forms (24), a tautomerase activity for which the N-terminal proline acts as the catalytic base (25) . We find that this residue is invariant within all 19 members of the MIF family across a broad evolutionary spectrum, supporting the contention that Pro-2 is an essential residue for MIF tautomerase activity. To address the hypothesis that Brugia MIFs may display a similar functional activity to the mammalian proteins, Bm-MIF-1 and Bm-MIF-2 were expressed as recombinant proteins together with site-directed mutants (Bm-MIF-1G and Bm-MIF-2G) in which Pro-2 of each product was substituted with Gly.
We first investigated tautomerase activity of Brugia MIFs and human MIF on a set of related substrates (Table I) (26) . Each homologue was active in tautomerizing L-dopachrome methyl ester, phenylpyruvate, and p-hydroxyphenylpyruvate but not L-dopachrome. A more subtle difference to emerge was that Bm-MIF-2 showed much higher activity with phenylpyruvate as substrate, whereas human MIF showed higher activity toward L-dopachrome methyl ester. The mutants Bm-MIF-1G and Bm-MIF-2G showed no detectable catalytic activity. These data indicate that, as in mammalian MIF (25) , Pro-2 is required for the enzyme activity of Brugia MIF-1 and -2.
Chemotactic Activity of Brugia MIF-1 and -2 for Human Monocytes-Given that a major target of mammalian MIF is the macrophage, a key cell in immune and inflammatory responses, we investigated whether Brugia MIFs could induce human monocyte migration, a crucial step for cell homing and accumulation. As shown in Fig 2A, human monocytes migrated in a dose-dependent manner in response to a concentration gradient of lipopolysaccharide-free recombinant Bm-MIF-1 and Bm-MIF-2. Concentrations as low as 20 nM Brugia MIFs were sufficient for chemotactic activity. These results demonstrate that Brugia MIF-1 and -2 can chemotactically mobilize macrophages in manner qualitatively similar to human MIF. The mutant recombinant proteins, Bm-MIF-1G and Bm-MIF-2G, demonstrated a 10-fold reduction in chemotactic activity for human monocytes (Fig. 2A) . This is analogous to data showing that although the mutation of Pro-2 in human MIF abolishes all catalytic activity, a residual level of cytokine activity remains in molecules mutated at Pro-2 (25) .
No receptor for MIF has yet been described, and so to confirm the functional activity of Brugia MIF-1 and -2 on mammalian macrophages, we chose to assay intracellular Ca 2ϩ mobiliza-3 X. Zang and R. M. Maizels, unpublished observations. of the B. malayi adults in serum-free RPMI 1640 medium for 24, 36, and 48 h (lanes 1-3, respectively) , supernatants were concentrated 300-fold and the same volume of samples was then loaded for immunoblot analysis.
FIG. 1. Bm-MIF-2 is a novel homologue of human MIF and a secreted molecule from the filarial parasite B. malayi. A, amino acid sequence of Bm-MIF-2 and alignment with MIF family members.
Residues that are highlighted in black show identity, conserved residues are highlighted in gray, and six residues depicted with diamonds are invariant across the whole MIF family. Red arrows (labeled ␤ 1 -␤ 4 ) and blue bars (labeled ␣ 1 -␣ 6 ), respectively, represent ␤-strands and ␣-helices in the Bm-MIF-2 crystal structure (see Fig. 3) . B, expression pattern of Bm-mif-2 mRNA. RT-PCR was performed using a pair of Bm-mif-2 gene-specific primers and first-strand cDNA converted from poly ( (27) . Interestingly, both Bm-MIF-1 and Bm-MIF-2 do ligate to the intracellular protein JAB1, 4 indicating that their mode of action closely mimics that of mammalian MIF.
Brugia MIFs Induce Production of IL-8, TNF-␣, and Endogenous MIF-Macrophages
may adopt contrasting phenotypes depending upon their environment and exposure to cytokines and other stimuli (28, 29) . To gain further insight into the functional effect of Brugia MIF-1 and -2 on macrophages, we studied the expression of 12 defined cytokines in human monocytes stimulated with Brugia MIFs. RT-PCR analysis revealed that stimulation with Bm-MIF-1 and Bm-MIF-2 resulted in increased TNF-␣ and IL-8 expression. A number of other cytokine genes such as IL-1␤, IL-6, IL-10, IL-12(p40), interferon-␥, monocyte chemoattractant protein-1, macrophage inhibitory cytokine-1, and macrophage inflammatory protein-1␣ remained unaffected. Therefore, we measured the amounts of TNF-␣ and IL-8 produced by monocytes after stimulation with Brugia MIFs (Fig. 2B) , confirming this pattern of induction. The mutant proteins again showed approximately a 10-fold less potency in their effect (Fig. 2B) . Moreover, Brugia MIF also induced human MIF production (Fig. 2B) , demonstrating that Brugia MIF-1 and -2 not only stimulate TNF-␣ and IL-8 pro- Crystal Structures of Bm-MIF-2-To understand at a molecular level the relationship between human and parasite MIF, we have determined the crystal structure of Bm-MIF-2 at 1.8-Å resolution. Bm-MIF-2 was found to retain profound structural similarity to human MIF despite sharing only a 27% amino acid identity. Bm-MIF-2 forms a trimer with three sheets of ␤-strands forming around an inner pore (Fig. 3A) . As with human MIF (31), each sheet is composed of four strands from one monomer together with an additional flanking strand from each of the other two monomers. External to these strands are two major ␣-helices in each monomer. The root mean square deviation of the backbone C, C␣, and N atoms in the sequence T5-L100 between Bm-MIF-2 and human MIF is 0.959 Å. No major differences were observed in the folding of the protein, and in most cases, the changes in side chain were clearly visible in the electron density of Bm-MIF-2. An additional three Cterminal residues could also be identified in the first difference map.
The Bm-MIF-2 monomer structure (Fig. 3B) is characteristic of mammalian MIF (31, 32 ). An overlay of the human and Brugia folds can be seen in Fig. 4 , also showing the location of identical and conserved residues. The structures have been aligned using the A monomers of each structure, and it can be seen that other monomers of the trimer are not so well aligned. In Bm-MIF-2, the packing environment of each of the monomers is different, leading to some changes in side chain conformation. Thus, the ␥S of C109 is disordered in two of the monomers but not in the third.
The active site for tautomerase enzyme activity of human MIF has been defined around Pro-2 as a catalytic residue. The substrate also interacts with residues Lys-33, Ile-65, Tyr-96Ј, and Asn-98Ј in which the latter two are contributed by the neighboring monomer (33, 34) . Although Pro-2, Lys-33, and Ile-65 are all perfectly conserved in Bm-MIF-1 and Bm-MIF -2, a Y96ЈI change is seen in Bm-MIF-2, whereas Asn-98Ј is altered in both Brugia molecules to Glu and His, respectively. Because both Brugia MIF-1 and -2 retain strong tautomerase activity, neither Tyr-96 nor Asn-98 appears to be essential for enzymatic function. N98Ј (in human MIF) and H98Ј (in Bm-MIF-2) fulfill in our model the equivalent functions in hydrogen bonding to the phenyl ring of hydroxyphenylpyruvate, whereas another non-conservative substitution (Y37R) is observed without loss of hydrogen bonding to the pyruvate chain of the substrate. Thus, the substitutions at 37 and 98Ј are consistent with maintenance of enzyme activity (Table I) . However, the aperture leading to the active site proline is changed in Bm-MIF-2 in which no less than four neighboring aromatic residues are altered (Y37R, W109C, F114M, and Y96ЈI). Of these, the most significant may be Y96ЈI, which enlarges the catalytic pocket significantly. We suggest that this accounts for an increased substrate turnover and the enhanced tautomerization of phenylpyruvate and p-hydroxyphenylpyruvate by Bm-MIF-2 (Table I) .
DISCUSSION
Eukaryotic pathogens such as helminths are not equipped to outpace the immune system by faster cell division or rapid antigenic variation (35) . Rather, their strategy appears to be assimilation, defusing aggressive immune reactions, and inducing forms of immunological tolerance to permit their long term survival (18, 36) . This feat requires them to override the normal rules of the immune system, which is capable of rejection of tissue expressing even single amino acid changes in MIF is a major immunological mediator with many enigmatic properties (37) (38) (39) . Despite having been the first cytokine discovered (40, 41) , no surface receptor has yet been found for MIF, although binding to an intracellular factor has now been established (27) . Furthermore, MIF expression is not restricted to the immune system and is evident in many nonhematopoietic tissues such as the brain (42) and pituitary gland (23) . Curiously, MIF has no signal sequence but is readily secreted by transfected cells, implicating a novel pathway of secretion (43) . It is also the only cytokine to also possess enzymatic activity despite being Ͻ120 amino acids in length, and no physiological substrate has yet been identified for this catalytic activity (44) . Thus, both the mode of action and the full biological role of MIF remain to be established.
Originally named for its inhibition of mononuclear cell migration in vitro, localizing macrophages to sites of delayed-type hypersensitivity reactions, MIF is now recognized as a pivotal proinflammatory mediator in systemic reactions such as those induced by bacterial endotoxins (23, (45) (46) (47) . Our results demonstrate striking conservation of both structure and function between parasite and human MIF, a protein intimately associated with the control of inflammation. This presents a paradox because filarial infection induces a suppressed counterinflammatory phenotype in both humans and mice (48, 49) .
The recent discovery that MIF acts within target cells by inactivating JAB1 (27) reveals a contrasting anti-inflammatory pathway that ablates JAB1-dependent cell division and enhancement of AP-1 transcriptional activation. Thus, MIF may promote or counteract inflammation under different circumstances with higher concentrations most likely to block proinflammatory gene expression (38) . The occurrence of MIF homologues in a tissue parasite with an anti-inflammatory phenotype may help shed further light on this relationship. We suggest that the parasite is playing a dangerous game by producing a mediator that could induce a lethal attack, but if released in sufficient quantities over time, it can defuse a vital weapon in the host armory. It is interesting also to speculate whether the chronic inflammatory condition suffered by a minority of filariasis patients with sequelae such as lymphedema and elephantiasis are a result of the failure of this gamble by the filarial parasites. Such a hypothesis might also explain the generation of "alternatively activated macrophages" induced by filarial infections, which develop an anti-inflammatory phenotype with properties such as profound suppression of lymphocyte proliferation (29, 50) . Supporting this hypothesis, we recently noted that these macrophages express a novel gene that can also be induced in vivo by Brugia MIF-1 if injected repeatedly over several weeks (51) .
Parasites are often long-lived and inhabit immunocompetent hosts for prolonged periods. Consequently, it is not surprising that they should possess modulatory molecules that mitigate host responses to enhance their survival. Some of these modulators act to inhibit initial events such as lymphocyte activation and antigen presentation (20, 52) , and others defend parasites from immune effector mechanisms such as the oxidative burst (53, 54) . Arguably, the most effective strategy selected by parasites, however, is to interfere with the host cytokine network, thereby regulating multiple cell subsets in a sustained and systemic fashion. Current experiments in our laboratory are aimed at continuous expression of Brugia MIF-1 and -2 in vivo to ascertain whether the host immune response is indeed redirected in this manner.
MIF homologues can be found in EST databases derived from a range of nematode parasites (data not shown). The presence of MIF in nematodes indicates that MIF has been conserved over ϳ1 billion years of evolution (55), representing a highly conserved family of genes involved in intercellular communication. Therefore, eukaryotic pathogens may contrast sharply to viruses, which appear to have captured cytokine-like genes from their host species. We suggest instead that the presence of ancestrally related genes in evolving nematodes give these parasites the opportunity to target the host cytokine network for mimicry and disruption to maximize their success. It is interesting to note that recent studies show that MIF also contributes to multiple aspects of tumor progression and neoplasia (56) . These data suggest that a possible common strategy between parasites and tumors is the production of MIF to counteract immune activation. In conclusion, the discovery of pathogen MIF will provide dramatic new insights not only into how eukaryotic pathogens evade immunity but also into the many facets of endogenous MIF in a broader context. 
